ADDITIONAL INDEX WORDS. controlled droplet atomizer, disease and pest control, off-target spray movement, pesticide application, pesticide drift, Proptec, Prunus persica, sprayer SUMMARY. Pesticide application in peach (Prunus persica) orchards with a commercial airblast sprayer was compared to that of an air assisted rotary atomizer (AARA), low-volume sprayer during the 2000 through 2003 seasons. The two technologies were employed during early season petal fall applications, shuck split applications and standard cover sprays using phosmet, sulfur, propiconazole, chlorothalonil, azoxystrobin and captan. Ripe fruit, picked 1 day prior to fi rst harvest each season were rated for peach scab (Cladosporium carpophilum), brown rot (Monilinia fructicola), insect (Hemipteran) damage (cat facing), and blemishes. Differences in brown rot, insect damage, and blemish ratings were not detected between the treatments for each of the four seasons. Differences were detected during the 2000 and 2001 seasons for peach scab, with the AARA sprayer plots having a higher incidence. Spray coverage was quantitatively evaluated with Rhodamine B dye by leaf rinses that indicated there was equivalent coverage for each application method. Phosmet residue detection on trees of the treated rows was also equivalent from each method. Phosmet off-target spray movement (drift) was reduced 59% one row away from the treated row and 93% in the fi fth row from the treated row by the AARA sprayer compared to airblast sprayer drift.
To whom reprint requests should be addressed; e-mail: kctaylor@uga.edu Stone fruit production is second only to peanuts (Arachis hypogaea) in the use of pesticides in the southeastern United States, with pecan (Carya illinoinensis) production third (Littrell and Bertrand, 1981) . Concerns for perceived negative impacts on the environment are always present, especially for pesticide off-target spray movement (drift) during application. Excessive drift can occur with routine cover sprays during fruit maturation but is the most severe during the windy conditions of March and April when bloom sprays are applied.
The airblast sprayer, the current technology employed by the stone fruit industry for pesticide application, has been used for 60 years (Barrat et al., 1982) . A typical tractor-towed unit is powered by the tractor power-take-off to run the circulating and pressure pumps and the air fan. Pesticides are typically delivered at a rate of 467.7 L·ha -1 (50 gal/acre) and dispersed as fi ne droplets [~333-µm (0.013 inch), volume median diameter] by using high-pressure nozzles mounted around a high-speed fan (Barrat et al., 1981; Ledebuhr et al., 1986) .
Recently, newer technologies are being explored to reduce spray drift and the environmental impact of orchard operations. During the last decade, hydraulic nozzles or controlled droplet atomizers (CDA) (VanEe et al., 2000) were employed to reduce droplet size, and air assistance was added to direct these smaller droplets as needed into the tree canopy in the rotary atomizer design of tunnel sprayers for dwarf fruit tree plantings (Doruchouski, 1993; Peterson and Hogmire, 1994) . That technology was modifi ed somewhat to develop an over-tree version of the air assisted rotary atomizer (AARA). With this confi guration of CDA, fi ne droplets [~120-µm (0.005 inch), volume median diameter] are projected downward with the assistance of propellers that push the atomized spray solution into the tree canopy at velocities of as much as 96.6 km·h -1 (60 mph) (Ledebuhr, 2000) .
Like airblast technology, the CDA confi guration of AARA technology uses the tractor's power-take-off to power the hydraulic pump that in turn operates the mixing and peristaltic pumps, as well as the hydraulic cylinders that operate a T-boom system and the rotary atomizers of the spray heads. The 8.5-m (28 ft) T-boom allows for over-the-row spray application of two complete rows of peach trees in a single pass. The vertical range of the T-boom is 1.5 to 5.2 m (5 to 17 ft) above the ground, adjusting to varying tree heights. Each side of the boom initially had three rotary atomizers for pesticide delivery, but an additional atomizer was added to increase effi ciency of coverage in the last year of the trial. In grape (Vitis spp.) vines using the rotary atomizer technology, at equivalent concentration, pesticides applied at a rate of 280.6 L·ha -1 (30 gal/acre) had better effi cacy than airblast application of pesticides at a rate of 467.7 L·ha -1 (Landers et al., 2000) .
A potential risk in using a new technology of lower pressure or volume pesticide application is that treatment effi cacy may be diminished compared to the standard spray technology. In addition, a change in droplet deposition may alter the frequency of fruit blemishes, discolorations, or inking associated with certain pesticides (Cheng and Crisosto, 1994 ). In contrast, reductions in the occurrence of peel blemishes, and disease or pest damage can improve fruit grade (USDA, 1995) and, ultimately, profi tability.
Our primary objectives were to: 1) assess the performance of a lowvolume spray technology, AARA, and a high-volume spray technology, the standard airblast sprayer; and 2) make adjustments as needed to optimize the AARA for use in a peach orchard setting. Peach harvest was assessed for disease incidence of brown rot and peach scab, insect (Hemipteran) damage, and peel blemish, as measures of sprayer effi cacy. In addition, spray coverage and pesticide drift were quantifi ed.
Materials and methods

FIELD EXPERIMENTS.
Non-irrigated blocks of 2.63 ha (6.5 acre) containing 6-year-old peach 'Sunprince ' and 11-year-old at 8.0 km·h -1 (5 mph) and the airblast sprayer calibrated to deliver 467.7 L·ha -1 at 3.2 km·h -1 (2 mph). The rate per unit area of each material applied per application method is given in Table 1 .
The orchards were divided into four paired blocks consisting of six rows each for treatment by the airblast sprayer and 12 rows each for treatment by the rotary atomizer sprayer. (Little and Hills, 1978) .
Fruit samples were taken 1 d before the fi rst commercial harvest (12 July 2000, 11 July 2001, 3 July 2002, and 6 July 2003) by randomly removing 80 fruit from the middle one-third of the two middle rows in each treatment block. Fruit taken for each sample were selected randomly from the outer middle-third of the canopy at a height of ~1.5 to 2.1 m (5 to 7 ft). The samples were rated for Hemipteran insect damage, blemishes and scab incidence for the four seasons and severity in 2003. Scab severity was rated using a scale: 1 = no scab; 2 = 1-25 lesions; 3 = 26-50 lesions; 4 = 51-100 lesions; 5 = greater than 100 lesions. The fruits were then stored at room temperature for 7 d on cardboard trays in apple boxes and after 7 d rated for brown rot incidence.
SPRAY COVERAGE AND OFF-TARGET SPRAY MOVEMENT. Spray coverage and off-target movement (drift) were measured two ways: 1) by comparing the total amount of Rhodamine B on leaf surfaces inside and on the outside of trees with a full leaf crop; and 2) by assessing the level of the pesticide phosmet in a full canopy when spray application was made on trees that had not received phosmet application for 7 weeks.
Rhodamine B was applied by airblast or AARA sprayer at a concentration of 250 µg·mL -1 (ppm) to assess spray coverage. Wind velocity varied from 7.24 to 9.7 km·h -1 (4.5 to 6 mph) at the time of application by either method. Application was made late the afternoon of 15 Aug. 2000 (~1600 HR). The morning after application (~0800 HR), 10 fully expanded leaves were collected at a height of 1.2 to 1.8 m (4 to 6 ft) from the inside area [0.6-m (2 ft) radius around the central axis] and 10 leaves from the outside surface of the canopy of each of 10 treated trees per sprayer treatment. Using a modifi cation of the method described by Chiba (1974) , leaf discs were assessed for Rhodamine B spray deposition. Six leaf discs were taken from each leaf with a 1.3-cm-diameter (0.51 inch) cork borer by removing two discs from each half of the leaf blade and two crossing the midrib. A determination of Rhodamine B on leaf surfaces was made by rinsing each six-disc leaf sample by shaking on a rotary shaker for 90 min in 1 mL of 1.5 N sodium hydroxide (NaOH). Discs were then removed and samples were maintained in the dark until spectrophotometric determinations were made within 4 d. Spray distribution was determined by measuring the absorbance at 460 nm (A 460 nm ) by spectrophotometry of the eluted dye obtained from the leaf discs.
During 2001, 7 weeks after the last pesticide application was made on the 'Sunprince' trees, a phosmet application was made to determine spray drift. Six weeks after the last phosmet application, three 20-leaf samples were randomly taken throughout the orchard (1 week prior to the drift study), and it was determined that the orchard was free of phosmet [all samples were in the non-detectable range for the analysis, <5 ng·g -1 (ppb)]. The following week, drift from each application method was compared by applying phosmet at 2.2 kg·ha -1 (2 lb/acre) with the airblast and 1.79 kg·ha -1 (1.6 lb/acre) (80% of airblast rate) with the AARA sprayer. Wind velocity varied from 4.8 to 8.0 km·h -1 (3 to 5 mph) at the time of application by either method. One day after application, three leaf samples (80 leaves/sample) were collected at a height of 1.3 to 1.6 m (4.25 to 5.25 ft). Trees were sampled from the treatment row and the fi rst, third, and fi fth adjacent down-wind rows from the treatment row for pesticide analysis. Control samples were collected within the same orchard from trees that had not received phosmet treatment, 20 rows up-wind from the treated trees. PESTICIDE ANALYSIS. Leaf samples were submitted to the Agricultural Services Laboratory, University of Georgia, for phosmet analysis. Pesticide residues were extracted with ethyl acetate, cleaned by gel permeation chromatography, and analyzed using a Trametrics 9001 gas chromatograph (GC) with attached N-P detector (Austin, Texas). Positive pesticide residues were confi rmed by GC-Mass Spectroscopy. The GC columns utilized were a SPB-5 or a SPB-35 megabore capillary column (30-m length). The column oven was temperature-programmed with an initial temperature of 135 °C, held for 1 min, followed by a programmed temperature increase to 275 °C at 5 °C per min. The fi nal temperature was held for 5 min. A fortifi ed sample and reagent blank were 
Results and discussion
We found there was no difference in damage from cat facing insects in plots treated with the airblast or AARA sprayer in all 4 years of the trial (Table  2) . Fruit blemish was also measured for the four seasons ( Table 2 ). The ratings indicated no difference for 2000-03. During the 2001 season, the blemish ratings for both AARA and airblast treatments were much greater than the other three seasons. The 'Sunprince' orchard was struck by a hailstorm on 12 May 2001 and this caused noticeable damage to the fruit that most likely increased and infl uenced the 2001 blemish ratings for both spray treatments. The incidence of postharvest brown rot was no different for the four seasons comparing the two spray systems (Table 2) .
Differences were detected during the 2000 and 2001 seasons for peach scab incidence, with the AARA sprayer plots having a higher incidence (Table 2) . We suspected that reduced scab control may have been related to the reduced (20% less) sulfur applied, an amount below the recommended level (2003) (Table 2) , when spring and early summer rains [610 mm (24 inches)] were above the 10-year average [483 mm (19 inches)]. With an increase of AARA rate to 100% in 2002 when scab incidence was low and the addition of a fourth spray head over each row for the AARA treatment before the 2003 spray season, when cool wet spring conditions favored higher scab incidences (Lawrence and Zehr, 1982) , differences in scab incidence were remediated.
Spray coverage on mature peach trees using Rhodamine B, at equal concentration for each treatment, as a coverage indicator was the same within the canopy when the sprayers were compared (Table 3) . Visual observation of differences in drift (Fig.  1) , was supported by phosmet residue assays used as a test of degree of drift (Fig. 2) . Phosmet residue was reduced 58.6% in the fi rst adjacent row to the treatment row, 64.7% in the third row, and 93.3% in the fi fth row (Fig. 2) with the AARA treatments conducted in the 'Sunprince' orchard after fi nal harvest. Only a trace amount of phosmet was detected in the control leaves obtained 20 rows away from the treatment rows in the same orchard. The treatment row of the airblast sprayer initially 
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had 19% more phosmet than did the rotary atomizer sprayer. The calibrated application rate for the AARA sprayer was 80% of the airblast sprayer; thus the calculated and actual values agreed. The airblast and AARA technologies tended to be similarly effi cacious throughout the 4 years of the study for all pests and pathogens assessed except for scab. We found that the increase of fungicide for scab applications to the 100% level for the AARA sprayer, but maintaining the volume of pesticide application at 280.6 L·ha -1 was effective for scab management. The addition of a fourth spray head on each side of the boom reduced gaps between spray heads to increase effi ciency of coverage but did not require more spray volume. Additionally, the AARA technology generally can be used to reduce the level of pesticide used to 80% with the exception of scab-suppressing materials, such as sulfur. There appear to be advantages in AARA technology relative to existing airblast sprayers: 1) reduced volume per hectare; 2) reduced fi ll-up times; 3) reduced spray time per unit area [9.14 min·ha -1 (3.7 min/acre) for the AARA sprayer vs. 41.27 min·ha -1 (16.7 min/acre) for the airblast]; and 4) reduced overall cost for equipment, fuel, and labor. In practice, the industry moves through the orchard at speeds as great as 7.24 km·h -1 when using airblast pesticide application, rather than the recommended 3.2 km·h -1 . Although the higher airblast speed is yet untested, the AARA technology applied at 8 km·h -1 may exceed effi cacy of airblast application at these higher speeds. Because alternate row middles are traversed by the AARA sprayer, less orchard fl oor compaction (if the producer is careful to alter which rows are traversed throughout the season) will likely occur and fewer fruit are bumped or knocked off as limbs sag with fruit maturity. This technology also reduces the amount of drift in the orchard, an important consideration, as the agricultural and urban sectors become contiguous.
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